interpretation of clinical signs, however, these maximum levels are often arbitrary. After several passages through the literature the qualifications placed upon these levels of excretion by the original authors are forgotten and they assume the infallibility of Holy Writ.
[The results of a survey carried out to study the effects of exposure to mercury were then presented and will be published elsewhere].
There is a need for more study of the first principles of the mechanisms of absorption and excretion of toxic materials because more information is needed to elucidate the interaction of these two functions. Until this is done, the correlation between exposure and excretion will remain coarse and an extremely valuable tool will have only a limited value.
It is only by studies such as this, coupled with an intensification of effort in the field of understanding of the action at cell level of 'miniquantities' of toxic materials, that a proper preventive programme can be mounted in the future. Traditional coarse, clinical observation will not keep pace with chemical technology. It is paradoxical but true that only by using the tools of science can we, in occupational medicine, contain the dangers to health which arise from the development of scientific technology.
Dr D E Hickish (Ford Motor Company Limited, Warley, Essex)
The Control of Occupational Long-term Hazards: Problems facing the Industrial Hygienist
The function of the industrial hygienist is frequently divided into three aspects: (1) Recognition, (2) assessment, and (3) control, of those environmental factors which can affect the comfort, well-being and health of the employee.
Occupational hygiene is a branch of industrial health which requires the closest co-operation between medical and nonmedical specialists and in describing the problems of the latter I am assuming that they do not include that of how to work in harmony with their medical colleagues! The dividing line between the work of the two groups is variable and broad and the distinction which may be made is that whereas the doctor studies man in relation to his environment the hygienist studies the environment in relation to man. This paper is specifically concerned with longterm hazards, e.g. noise, fibrogenic dusts, carcinogens, metals and radioactivity, but the principles involved do not differ greatly from those applied to the control of shorter-term hazards.
Recognition
The regular inspection and plant survey by the hygienist and/or medical officer will be a fruitful source of recognition of problems, using the nose, ears and eyes as preliminary survey equipment but, particularly in a large organization, recognition of important potential hazards may be delayed or omitted for the following reasons:
(1) Difficulty in identifying the materials being used.
(2) Failure to receive information that the Purchase Department have changed a supplier, or that specifications have been amended. (3) Intermittent use of a process or activity. (4) The operation only being carried out during normal out-ofwork hours, e.g. weekends and shut-down periods. (5) The introduction of 'experimental quantities' of materials by sales representatives without any documentation or relative company specification. (6) The lack of readily available toxicity data on many materials, and in this connexion there appears to be a real need for a National Toxicological Information Centre.
The Ford Motor Company has developed an elaborate system of Manufacturing Standards which lays down details of operations and materials. These specifications are all circulated for comment to the Departments concerned when first prepared, or amended, and the Chief Safety Engineer and Industrial Hygiene Specialist review them at Central Staff level, as representatives of the Medical Department. The advice of our medical colleagues is, of course, frequently sought in our reviews. This procedure is proving very valuable, but the task, if done thoroughly, is formidable. Also many specifications relate to the performance of a material, and there may well be variations in suppliers and formulations from time to time. We are still considering ways of amending our procedures to ensure that we can recognize any potential hazards.
The trade unions, quite rightly, are becoming increasingly concerned lest toxic materials should inadvertently be introduced and genuine enquiries from them are a valuable source of information. We have, however, on occasion been asked to guarantee that a particular substance at present considered to be of low toxicity will not 'in ten years time be discovered to have hitherto unknown toxicity'. The problem of a suitable supplier of crystal balls is as yet unsolved! Assessment Present exposure: The availability in this country of instruments for environmental determinations has greatly improved in the last two decades, so that many of the hygienist's problems have been eased.
As environmental standards improve and Threshold Limit Values (TLV) are lowered the need for more sensitive and specific determinations is increasing. Very often such determinations can only be carried out satisfactorily by sophisticated physico-chemical methods, e.g. X-ray diffraction, gas chromatography, &c., which may not be required sufficiently often by the individual firm to justify their provision. The establishment on a sound financial basis of Occupational Hygiene Services which can provide such facilities requires the active and vocal support of all engaged in occupational health and hygiene.
The interpretation of environmental assessments can also be difficult, particularly when there are no established TLVs for the substance concerned, or where the established TLVs are derived from instruments having sampling characteristics differing from those of the instruments currently in use. For example, there is a trend to gravimetric determinations in place of particle counts for pneumoconiosis-producing dusts. The limitations of static samplers as indicators of operator exposure have led to the evolution of personal samplers, and it is not yet known with certainty what factor, if any, should be applied to personal sampler results in order that they may be interpreted against TLVs derived largely from static samplers.
Past exposure: The estimation of past exposure may be of importance in assessing the total dose received by an individual, e.g. of noise or dust, but factual information is rarely available, individual judgments are unreliable and plant and processes change so rapidly that retrospective sampling is usually impossible. The relative simplicity of the film badge technique has enabled dose recording of radiation to be brought to a fair degree of refinement but at present the preparation of such records for noise, dust or toxic substances raises major practical problems. Future exposure: Prevention rather than cure is the objective in industrial hygiene, and the hygienist should review proposals for new plant and processes so that he can assess probable operator exposure. The first problem is to ensure that information on such proposals is channelled to him and, with the many technological changes and developments taking place, it is not always easy to keep as close a watch as would be desirable. With new and specially designed process equipment there may be little relevant information and experience to guide the hygienist and he will probably have to arrange demonstrations and trials so that empirical estimations of likely exposure may be made together with appropriate recommendations.
Control
The basic principles of control are well known and include: (I) Replacement of a hazardous material by a less hazardous one. (2) Amendment of a process to reduce operator exposure. (3) Provision of suitable personal protection where other methods of control are not immediately practicable. (4) Monitoring of the process to ensure that control remains effective, e.g. by regular air sampling or by routine biochemical tests, e.g. phenol-in-urine where there is possibility of exposure to benzene. The technical problems are similar for short-term and long-term hazards.
Probably the major problem facing the hygienist is that of economics and of justifying the expenditure which he wishes his company to accept but which may well place them at a commercial disadvantage with their less healthconscious competitors. It is not easy, for example, to convince a cost-conscious management that they should spend, say, £100,000 on providing individual acoustically isolated engine test beds with their attendant production and maintenance problems, as compared with the provision of earmuffs at £4 per person.
Conclusion
It will, I hope, have become apparent that the major objectives of the hygienist are: (1) The receipt of adequate information on materials and processes.
(2) Success in obtaining the necessary co-operation of planning and production personnel to prevent future exposure.
A recent development in our company has been, with the enthusiastic support of the Plant Manager, the formation in one Division of a Dust and Noise Control Committee. This Committee consists of: Industrial Hygienist, Medical Officer, Safety Engineer, Senior Plant Engineer and Senior Manufacturing Engineer (Layout and Equipment). At the regular meetings existing problems are reviewed and remedial action initiated, and future proposals are outlined and the necessary control measures reviewed. It has been encouraging to see the increased mutual understanding and co-operation which has resulted and this is perhaps a type of arrangement which could be followed in other companies where long-term occupational hazards exist.
Dr Kenneth Lee (South Western Gas Board, Bath, Somerset) said it appeared that there was a need to sharpen our methods of detection of toxic hazards. Dr Duffield had stated that we needed to look for changes at cellular level. Dr Lee asked whether the speakers could tell why the threshold limit values used in Russia were often so much lower than in this country. It seemed that our threshold limit values were often reduced and the gap between the two sets of values was narrowing. Had we anything to learn from the way the Russian values were assessed?
Professor R C Browne, in reply, said that there was a fundamental difference of approach between Eastern and Western Europe when threshold limit values were considered. Western Europe and the USA thought in terms of some morbid anatomical change in an organ and in terms of the minimal lethal dose; in other words they were thinking in terms of a rather gross structural abnormality. This probably derived from the past emphasis upon morbid anatomy, much of which had been developed in the Viennese medical school about the middle of the nineteenth century.
Eastern European thought, on the other hand, had been powerfully influenced by Pavlov's work in Russia upon conditioned reflexes, and ran along the lines of the change in performance of the intact animal. This was the approach of the experimental physiologist or the experimental psychologist and tended to produce a much lower threshold limit value.
In modern terms this represented the difference between the amount of alcohol which made a man unsafe at the difficult task of driving a motor car at night and the amount which caused a visible change in the appearance of the cells of his liver. It could easily be appreciated that there was a big difference between these two amounts, both in absolute quantity and in the time relationships of their actions.
During the war it had been important to estimate the effect of various agents upon performance, eg, amphetamine upon the performance of anoxic pilots and also so-called quick-acting barbiturates. Performance tests of great sensitivity had been developed in order to measure these changes.
Dr P 0 Oliver (Gillette Industries Limited, Isleworth, Middlesex) said that considerable caution should be exercised in accepting threshold limit values adopted by some overseas countries. As an example he pointed out that for acceptable damage risk criteria for noise-induced hearing loss, the USSR had set levels around 75 dB. It was well known that no noise exposure limit could be established to protect everyone and that in setting practical criteria the aim should be to protect as many people as reasonably possible without being unduly restrictive. A level of 85-90 dB on the dB(A) scale was much nearer the limit. It was recognized that probably 10% of the population would be affected by noise exposure in everyday life anyway, and that to set levels below 85 dB was unrealistic.
Dr D P Duffield said, in reply, that it was well to bear in mind that equipment was sold to Russia which was not constructed to operate at the low threshold limit values applying in that country. The eye and brain can distinguish repeated flashes of light up to a certain rate beyond which these discrete stimuli appear to fuse and become continuous. By the use of a device which can generate light flashes at various rates it is possible to determine accurately the point of transition from flickering to continuous. This point is known as the threshold of fusion.
The numerous physical and psychological determinants of the threshold of fusion have been extensively reviewed by Simonson & Brozek (1952) and Landis (1953 Landis ( , 1954 . The former authors point out the interest in the critical flicker fusion (CFF) technique as applied to various normal and abnormal states of the organism.
One of the earliest of such studies was by Goldberg (1943) who measured the threshold of fusion in human subjects during various stages of intoxication by alcohol. He found that the higher the percentage of alcohol in the blood the lower was the threshold of fusion.
Also in 1943, Simonson, Enzer & Benton examined the effect on the threshold of fusion of various types of work involving higher neural centres. They found that all types ofjob involving writing, calculating or fine manipulating considerably lowered the threshold. In contrast Brozek & Keys (1944) found that strenuous manual labour, even when coupled with starvation, had only a minor effect on the threshold.
Misiak (1947) noted that there was a down-
